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In 1938 a grant was made by the Wisconsin Alumni Research
Foundation for the study of the so-called preglacial relies 1n
the flora of the upper Great Lakes region. This study was
eventually narrowed to one species, the Thimbleberry or Sal-
monberry (Rubus parviflorus), whose range shows a gap be-
tween Lake Superior and the Black Hills of South Dakota
which has been interpreted as due to survival on nunataks
about Lakes Superior and Huron. Funds from the estate of the
late Dr. J. J. Davis, made available through the generosity of
his daughter, Miss Marguerite Davis, made 1t possible for the
writer to carry on this study in the summer of 1939, when the
species was collected in South Dakota, Wyoming, Utah and
Colorado. Friends in California, Alberta, Wisconsin, Oregon,
Colorado, Indiana, New York, Montana and South Dakota
have also contributed collections; their names are cited with
their collections in tables 1 and v, and grateful acknowledge-
ment 1s here made for their assistance, without which this
study would not have been possible.

The method nused was different from ordinary taxonomic or
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ecological techniques: it consisted of collecting many indi-
viduals from each colony of Thimbleberry and determining in
the laboratory the percentage of plants showing each char-
acter. By comparing figures from different regions it has been
possible to judge their closeness of relationship; also, some
taxonomie changes have been indicated. It became evident that
results concerning a plant with a disrupted range like that of
R. parviflorus were difficult to evaluate in absence of a similar
study of a species with an essentially continuous range; ac-
cordingly, mass collections were made, in 1938-40, of the east-
ern K. odoratus. Findings in this species will be considered
first.

In assembling the distributional data in Maps 12, 24 and 27,
the writer is indebted to many friends for assistance ; these in-
clude Mr. H. D. House, Dr. Earl Core, Dr. T. M. (. Taylor, Dr.
J. M. Fogg, Jr., Dr. F. T. McFarland, Dr. E. Lucy Braun, Dr.
R. M. Harper, Dr. A. J. Sharp, Dr. F. K. Butters and Dr. Hugh
Raup. Maps 10, 12, 19, 20, 21, 24, 25, 26, and 29-34 were pre-
pared from base maps of Hall’s ‘Outline Maps and Graphs,’
published by permission of the author and publisher, John
Wiley & Sons, Ine. Maps 35 and 36 are (except for botanical
data) from map by Erwin Raisz in Atwood’s ‘The Physio-
graphic Provinces of North America,’ courtesy of Ginn & Co.
Protessor Walter Cottam, of the University of Utah, has most
kindly supplied figs. 5, 6 and 7 of pls. 11 and 12.

I. Variation 1n R. odoratus

1. THE KINDS OF VARIATION

Rubus odoratus, ranging from Nova Scotia and Quebee to
Michigan, and southward to Georgia and Tennessee, shows
variations which are to a great extent the exact counterparts
of those which were deseribed as varieties in R. parviflorus.!
The two pairs of characters (leaves soft-pubescent beneath vs.
glabrous or glabrate beneath, and pedicels with long-stalked
glands vs. short-stalked glands) which recombine to make the
four “‘varieties’’ of R. parviflorus—hypomalacus, heterade-

' Fernald, Rhodora 87: 276. 1935.
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nwus, bifarwus and grandiflorus—appear in just the same com-
binations 1 R. odoratus. KEach of these four combinations
ranges essentially throughout the range of the species, so they
seem better treated as forms than as varieties.

Asin R. parviflorus, the distinetions within each pair of char-
acters are not always perfectly marked. Clearly glabrous
leaves occur, as do extremely velvety ones, but some inter-
mediates are as difficult to place as they occasionally are in the
western species. Many plants have leaves which are ap-
pressed-pubescent and feel either harsh or velvety depending
on how they happen to have been pressed. In some cases both
surfaces are without doubt glabrate, the younger ones appear-
ing densely velvety. In placing these questionable individuals
recourse has been had to a character pointed out by Fernald?:
truly velvety leaves ordinarily bear dark long-stalked glands
on their upper surface. The correlation is good, but not per-
fect, through much of the range of the species. It breaks down
completely 1n two large collections from the unglaciated part
of Indiana; here, isolated from the rest of the range for a long
time, the plants often have a different appearance (lighter
colored, more glabrous and lustrous leaves), frequently carry
on the leaves a type of gland not generally found on the species
in other parts of the country, and, as has just been stated, lack
the usual correlation of glandular upper surfaces with velvety
lower surtaces.

The type of gland found mainly in Indiana is on the lower
leat-surfaces along the veins, and has a stalk 2-4 mm. long,
which much exceeds those of other forms. Plants with long-
stalked glands are not exclusively present in the collections
from Indiana, but they outnumber plants with shorter glands.

A plant of very rare ocecurrence has the glands on the pedicels
nearly sessile; this parallels R. parviflorus var. scopulorum
and var. parvifolius.

Lieaf shapes vary greatly in this species, but because of some
variation even on single branches these characters are not as
conveniently dealt with as are those of epidermal outgrowths.
Eixamination of any good-sized collection will show singly-

? Rhodora 24: 175. 1922,
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toothed and doubly-toothed margins, triangular lobes and ob-

long-triangular lobes, and depth of lobing varying from 4 to
1, the radius of the leaf. An individual with deeply lobed

leaves has been described as R. odoratus var. columbianus,’
or R. columbianus.*

Sometimes the calyx is covered with a white felt-like tomen-
tum ; this proves to be due to the fungus infection Sphaerotheca

humula.
9 TAXONOMY OF INTRASPECIFIC VARIATION

To facilitate discussion of these six phases of R. odoratus
and of the geographic occurrence of the characters on which
they are based, it seems advisable to give them names. That
the parallelism of five of them with variants of R. parviflorus
may appear clearly, they are given names identical with or
phonetically similar to those used in the more western species.

Rusus oporaTuUs L. f. hypomalacus, n.f., foliis subtus velutinis vel
subvelutinis, supra fusco-glandulosis ; pedicellorum glandulis stipitatis
1-3 mm. longis.—TypE, in Herb. Univ. Wis.: roadeut, Ravine, Pa.,
July 11, 1940, Fassett 20812. (R. odoratus var. malachophyllus
Fernald.)

R. oporaTus f. heteradenius, n.f., foliis subtus glabris vel glabratis
vel sparse appresso-pilosis, supra eglandulosis; pedicellorum glandulis
stipitatis 1-3 mm. longis—TypE, in Herb. Univ. Wis.: Wilmington
Mountain, east of Bennington, Vt., Aug. 4, 1938, Fassett 20787.

R. oporaTUS f. bifarius, n.f., foliis subtus velutinis vel subvelutinis,
supra fusco-glandulosis; pedicellorum glandulis stipitatis 0.0-1 mm.
longis.—TypE, in Herb. Univ. Wis.: cuts and fills along U. 5. 6 west
of Bear Mountain Bridge, N. Y., July 10, 1940, Fassett 20806.

R. oporarus f. glabrifolius, n.f., foliis subtus glabris vel glabratis
vel sparse appresso-pilosis, supra eglandulosis; pedicellorum glandulis
stipitatis 0.5-1 mm. longis.—TypE, in Herb. Univ. Wis.: woods and
roadside banks 3 miles north of Vassalboro, Me., Aug. 16, 1939, Fassett

20781.

R. oporaTUs f. scopulorum n.f., foliis subtus glabris vel glabratis
vel sparse appresso-pilosis, supra eglandulosis; pedicellorum glandulis
subsessilibus vel stipitatis non quaterlongioribus quam glandulis.—
Typg, in Herb. Univ. Wis.: roadcuts along U. S. 30, Sideling Hill, Pa.,

* Millspaugh, Bull. W, Va, Exper. Stat. 2: 355. 1892,
‘ Rydberg in Britton, Manual, p. 495. 1901,
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July 11, 1940, Fassett 20817. The illustration of R. parviflorus var.
scopulorum, in Rhodora, vol. 37, pl. 365, fig. 5, might well serve also as
an 1llustration for R. odoratus f. scopulorum.

R. oporaTUs f. parahypomalacus, n.f., f. hAypomalacum simulans, sed
venis subtus glandulis 1-2 (-3) mm. longis.—Typrg, in Herb. Univ.
Wis. : woods and cut-over land, foot of Shenandoah Mt., east of Frank-
lin, W. Va., July 12, 1940, Fassett 20823.

R. oporaTUs f. paraheteradenius, n.f., f. heteradenium simulans, sed
venis subtus glandulis 1-2(-3) mm. longis.—Typg, in Herb. Umniv.
Wis.: along roadside, from halfway down to base of steep slope, as-
sociated with Tsuga canadensis, Guthrie Creek, about 2 miles east of
Leesville, Ind., July, 1939, R. M. Kreiwbel, C. F. McGraw & Morris

Reeves.
These forms may be keyed as follows:

a. Pedicels with glands on stalks mostly 0.5 mm. or more long, the stalks more
than 4 times as long as the gland
b. Stalks of glands on pedicels mostly more than 1 mm. long
c. Veins on lower leaf-surfaces with glands whose stalks are 0.2-1.0 mm.

long
d. Leaves without dark-stalked glands on the upper surface, glabrous
or lightly appressed-pubescent beneath. ................. f. heteradenius
d. Leaves with dark-stalked glands on the upper surface, more or less
VOIVEEY DERBRLN - c v o'u o3 is 5 0 & SR a5 Wk A RIS, A d 78 f. hypomalacus
c. Veins on lower leaf-surfaces with glands whose stalks are 1-2 (-3) mm.
long

e. Lieaves glabrous or glabrate or lightly appressed-pubscent beneath
.............................................. f. paraheteradenius

e. Leaves velvetybeneath............cociveeenn... f. parahypomalacus
b. Stalks of glands on pedicels mostly 1 mm. or less long
f. Leaves with dark-stalked glands on the upper surface, more or

1088 YOIVOLY DONBBLIL . cvs v o v s ov b dinis aii e e se s s 8w §miees f. bifarius
f. Leaves without dark-stalked glands on the upper surface, glabrous

or glabrate or lightly appressed-pubescent beneath ... .f. glabrifolius
a. Pedicels with glands subsessile or on stalks less than 0.5 mm. long and less

than 4times as longasthegland...........coiiiieinrmnenineas f. scopulorum

3. GEOGRAPHIC OCCURRENCE OF EACH FORM IN MASS COLLECTIONS

The object of this paper is not primarily to deseribe seven
forms, or to point out the similarity of variation within £A.
odoratus to that within R. parviflorus. 1t 1s rather to study
statistically the occurrence throughout the range of R. odoratus
of each character used in the above key, and to determine what,
if any, correlation there may be between the occurrence of
these characters and the late geological history of the species.
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For this purpose specimens have been taken from as many 1n-
dividuals as possible in each colony of the species which the
writer has seen in the past three years; similar collections have
also been made by several friends whose names appear in
table 1. The location of each mass collection 1s shown by a
slanted figure on maps 1 and 2. It will be noted that in each
state or province the numbers start anew. Table 1 gives the col-
lection data for each collection, and table 11 the constituent

forms of each.
TABLE I

MAINE: 1. Vassalboro, Aug. 16, 1939, 20781.° 2. Augusta, Aug. 14, 1939, 20782.
3. Paris, Aug. 8, 1939, 20783. VERMONT: 1. Colchester, Aug. 7, 1939, 20785. 2.° Bur-
lington, Aug. 7, 1939, 20786. 3. Wilmington Mountain, Bennington, Aug. 4, 1938,
20787. 4. Wilmington Mountain, Bennington, Aug. 4, 1938, 20788. MASSACHU-
SETTS: 1. Near Cold River, east slope of Mohawk Trail, June 25, 1940, 20789. Z.
West slope of Mohawk Trail below Hairpin Turn, June 25, 1940, 20790. ONTARIO:
1. West of Brockville, Aug. 7, 1939, 20791. NEw York: 1. Westfall Road, Penfield
Township, Monroe Co., June 30, 1940, R. E. Shanks. 2. Atlantic Avenue, Penfield
Township, June 30, 1940, Shanks. 3. Eaton Road, Irondequoit, Monroe Co., July 14,
1940, Shanks. 4. Pellett Road, Webster Township, Monroe Co., June 30, 1940,
Shanks. 5. Watervliet, June 24, 1940, 20792. 6. Duanesburg, June 24, 1940, 20793.
7. Schenevus, June 24, 1940, 20794. 8. Chenango Bridge, June 24, 1940, 20795. 9.
Woodhull, June 23, 1940, 20796. 10. Greenwood, June 23, 1940, 20797. 11. Bolivar,
June 23, 1940, 20798. 12. North side of Allegheny River, 4 miles north of Limestone,
June 23, 1940, 20799. 13. Three miles north of Limestone, June 23, 1940, 20800. 14.
About a mile south of the Lake, Allegany State Park, June 21, 1940, 20801. 15.
Quaker Bridge, June 21, 1940, 20802. 16. Allegany State Park, 5 miles west of
Limestone, June 23, 1940, 20803. 17. Peekskill, July 10, 1940, 20804. 18. U. 8. 6
east of Bear Mountain Bridge, July 10, 1940, 20805. 19. U. 8. 6 west of Bear Moun-
tain Bridge, July 10, 1940, 20806. 20. West Haverstraw, July 14, 1940, 20807. Z1.
Chester, July 10, 1940, 20808. PENNSYLVANIA: 1. Southeast of Mauch Chunk, July
10, 1940, 20809. 2. Northwest of Mauch Chunk, July 10, 1940, 20810. 3. Kaston,
July 14, 1940, 20811. 4. Ravine, July 11, 1940, 20812. 5. Ravine, July 11, 1940,
20818. 6. Muir, July 11, 1940, 20814. 7. Water Street, Sept. 18, 1939, 20815. 8.
Along U, S. 30, Tuscarora Hill, July 11, 1940, 20816. 9. Along U. 8. 30, Sideling
Hill, July 11, 1940, 20817. 10. Laughlintown, Aug. 28, 1940, 208§18. 11. Ten miles
west of Erie, June 20, 1940, 20819, MARYLAND: 1. Rawlings, July 12, 1940, 20820.
WEST VIRGINIA: 1. Romney, July 12, 1940, 20821. 2. Old Fields, July 12, 1940,
20822. 3. Franklin, July 12, 1940, 20823. INDIANA: 1. Jackson Co., about 2 miles
east of Leesville, July, 1939, K. M. Kreibel, C. F. MeGraw & Morris Reeves. 2.
Back Creek, 1-1%4 miles west of Leesville, July, 1940, Kreibel, MeGraw 4 Reeves.

* When a number is given without collector’s name the writer was the collector.
A number not shown on maps 1 & 2 represents a station close to the preceding
number.
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4. CORRELATION OF VARIATION WITH GEOGRAPHY

Jursory examination of table m shows but one fact, namely,
that 4 of the forms occur essentially throughout the range of
the species (as far as represented in these collections—see
map 12), and 3 are more local. But from this list certain data
may be derived ; some of these data are shown on maps 1 and 2.
Map 1 shows the percentage in each collection of individuals
with leaves glabrous or glabrate beneath (or lacking glands
above). For example, in collection 2 from Maine, a total of 25
imdividuals shows 4 f. glabrifolius, and 5 f. heteradenius, a
total of 9 glabrous individuals, or 36 per cent—accordingly,
the figure 36 appears next to the 2 in Maine. Similarly, collec-
tion 3 from New York has, in a total of 16 individuals, 1 f. gla-
brifolius, 8 f. heteradenius, and 3 paraheteradenius, making a
total of 12 glabrous individuals, or 75 per cent—the figure ap-
pears near the 7 in New York, since collections 7—4 are too close
together to be mapped separately.

How significant are the percentages shown on map 1? Prob-
ably not very significant individually, for the following rea-
sons. Iirst, the numbers in each collection are small, mostly
below 50, sometimes less than 25. Second, R. odoratus spreads
by underground stems, and more than one collection may be
made from one individual (i.e., clone). This has been avoided
as far as possible by taking specimens at some distance from
one another or from isolated plants.

When the figures from many collections are totaled, they be-
come statistically more reliable. From Maine, 60 individuals
have been collected, from Vermont 80, Massachusetts 29, On-
tario 14, New York 448, Pennsylvania 256, Maryland 47, West
Virginia 139, and Indiana 70. These represent many times the
number of individuals ordinarily examined in the taxonomie
treatment of a group, where a single sheet from a region is
often taken to represent THE PLANT OF THAT REGION.

In determining the significance of figures from one patch of
Flowering Raspberry, and the significance of those from a
general region, the ecology of the species must be taken into
consideration. Its favorite habitat is recently cut soil; it is
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sometimes found on a river-cut bank, which may be more or
less wooded, but its most frequent oceurrence is along road-
cuts. Nearly all of its stations are, therefore, more or less re-
cent, the road-cuts being more recent than the river-cuts. But
although any patch may be recent (and temporary) the species
may be nevertheless of ancient occurrence in the region as a
whole.

There 1s another important point regarding individual
patches of R. odoratus—the seeds are, presumably, spread by
birds, and the syncarp may contain seeds of different genetic
constitutions (due to heterozygosity in the mother plant, and
the possibility of pollen coming from several sources), and a
colony may perhaps be started from a number of seeds dropped
at one time; the variation within any patch should then be de-
termined partly by the number of seeds originally dropped. If
a colony 1nereases in size vegetatively its original genetic con-
stitution will tend to be preserved, while expansion by seeds
will inerease the number of forms. Again, the constitution of
the species throughout a region stands as more significant than
In any single patch.

With these facts in mind, map 1 may again be examined. It
becomes evident that, in spite of lack of uniformity in many
regions, the higher proportions of plants with glabrous leaves
occur mostly toward the northern part of the range (omitting
Indiana, for the present, as a more remote region). To empha-
size this, we may divide the map into zones from north to
south, by the broken lines running east and west. Within each
of these zones the percentage of glabrous-leaved plants is de-
termined (by totaling the figures from all the collections, not
by averaging the percentages of each), with the result shown
by the large figures along the right-hand margin of the map.
There appears an unmistakable trend toward the appearance
of velvety leaves southward and of glabrous leaves north-
ward.” With consideration of the line of farthest advance of

" Perhaps it should be restated at this point that by ‘‘glabrous leaves’’ is meant
also the glabrate or somewhat pilose leaves lacking glands on the upper surface, and

by ‘‘velvety leaves’’ is meant those which tend to be more pubescent beneath and
have dark glands above; cf. the key (page 303) and the discussion on page 301.
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Pleistocene glaciation (line of crosses on map 10) a definite
correlation appears. If it is assumed that R. odoratus survived
elaciation south of the glaciated regions and migrated north-
ward after the disappearance of the ice® it becomes evident
that the species became more glabrous as it spread northward.
This has not involved the origin en route of a new character,
for glabrous plants occur in the extreme southern part of the
range (represented in the Gray Herbarium by sheets from
Virginia, North Carolina, Kentucky and Tennessee) and vel-
vety leaves occur in the extreme northern part of the range
(specimens in the Gray Herbarium from Quebec and Nova
Scotia), but rather a change in the proportion of occurrence
of the character. Is this because (1) the glabrous plants are
more suited, physiologically, to the northern regions, (2) the
olabrous plants were for some reason more vigorous in spread-
ing, or (3) simply that as the species migrated chance happened
to favor partial elimination of pubescent individuals?

The situation regarding pubescence of leaves in R. odoratus
is just the reverse of that regarding the pubescence of the stem
in the Red Raspberry (Rubus idaeus, or R. strigosus). In the
latter, the proportion of pubescent plants inereases northward.
Perhaps any purpose that may be aseribed to a hairy covering
is of less effect than is the linkage of pubescence, or in other
cases glabrousness, with other characters which have a closer
relation to the environment.

Similar progressive variation has been demonstrated for
the snail, Partula suturalis, in the isolated valleys on the island
of Moorea.? Kastward, colonies are composed entirely of dex-
tral individuals, and these gradually give way, westward and
northwestward, to colonies composed entirely of sinistral in-
dividuals (see map 11).

On map 2 are plotted the percentages of individuals in each
colony with short glands on the pedicels (f. bifarius and t. gla-
brifolius). As on map 1, there is lack of uniformity from local-

*This does not preclude the possibility of interglacial migration also.
* Crampton, H. E. Studies on the variation, distribution, and evolution of the

genus Partula: the species inhabiting Moorea. Carnegie Institution of Washington.
Publ. 410. 1932.
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ity to locality, but here, again, appear decided tendencies: the
group of low figures in New York, for example, 1s striking.
The series 1s not as definite from north to south as it was on
map 1, but by grouping the localities as is shown by the broken
lines on map 2 there can be demonstrated a fair uniformity
within regions and great variation between regions. The ten-
dency is not all in one direction as it was in pubescence of
leaves. Starting with a low percentage (17) in the south, we
find a rise as we go northeastward, a drop in the central region,
and a sharp rise in the northern part. These facts favor the
third hypothesis suggested above, namely, that as the species
migrated there were slight changes in the frequencies of the
characters due to chance or to unknown factors; with reference
to pubescence of leaves all the changes were in the same direc-
tion, and with reference to the glands of the pedicels they were
1n different directions in different regions.

Two other characters appear in the key on page 303. One of

these is the presence of subsessile glands instead of definitely
stalked glands on the pedicels. Only two individuals have been
seen with this character, one from Chenango Bridge (New
York no. 8) and the other from Sideling Hill (Pennsylvania no.
9 ). This small occurrence is of little significance except for com-
parison with the situation in R. parviflorus, where in the plant
of the Great Lakes such subsessile glands are found on only
about 1 per cent of the plants (26 out of 2191 individuals col-
lected), but in the western range of the species oceur in much
larger numbers (68 of 109 plants from the Black Hills of South
Dakota, 98 of 242 plants from Montana, Wyoming and Utah,
and 71 of 123 plants from Colorado). The remaining character
used in the key lies in the stalked glands on the lower surface
of the veins; ordinarily these do not exceed 1 mm., but on a
majority of the plants from Indiana and from a very few else-
where are hairs 1-2 mm. or more long. The occurrence of this
character in large proportions only in the unglaciated part of
Indiana is important, for it indicates a much more ancient mi-
gration from the Alleghenian center to Indiana than to New
York and New England. Previous to the more recent glacia-
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tions, at least, K. odoratus migrated westward, perhaps chang-
ing the frequency of some characters as it migrated. Kither
because of these changes or because of 1solation as small popu-
lations!® in the southern Alleghenies and in Indiana the plants
of these two regions became different: the eastern plants be-
came predominantly velvety-leaved and those of Indiana en-
tirely glabrous-leaved; in the East the presence of glands on
the upper leaf-surfaces became generally associated with vel-
vety lower surfaces while in Indiana they appeared freely
assoclating with nearly glabrous lower surfaces; the eastern
plants retained short glands on the pedicels iIn many cases
while those of Indiana eliminated this character and retained
only long glands ; and, finally, the majority of plants of Indiana
retained long glands on the veins of the lower leaf-surfaces,
while only a small minority of eastern plants showed this char-
acter. Available material 1s insufficient for further study of
this phase of migration and isolation (see map 12 for an indi-
cation of the proportion of the range of the species represented
by mass collections), but collections from Virginia to Indiana
and southward should yield interesting evidence.

It is now possible to combine data concerning all the char-
acters discussed above, to discover closeness of relationship of
plants in different regions. For this purpose, localities whose
populations show the closest resemblance, all characters con-
sidered, have been grouped into regions. For example, collec-
tions 7—4 in New York, in the vicinity of Rochester (Station
New York 7 onmaps 1 & 2), agree in having a rather high per-
centage of glabrous leaves (86, 100, 75, 66, on map 1) and a
rather low percentage of short-glanded pedicels (20, 0, 6, 33,
on map 2). These four collections are thus treated as one re-
gional unit, labelled ‘* Rochester’ on map 3. Localities 7 and 8
in Pennsylvania are in close agreement (both 0 for glabrous
leaves, 42 and 64 respectively for short glands) and so are
crouped together. The resulting regional groupings are
shown on map 3, where each region i1s vertically shaded and
labelled with a name. These regions appear to show little
or no relation to physiographie features.

“ Compare Dobzhansky, Geneties and the origin of species, pp. 118-148. 1937,
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The comparative values of figures from each region may be
judged from the figure in parentheses just below each regional
name on map 3, which indicates the number of individuals col-
lected in that region. The numbers from Ontario and Mauch
Chunk (Pennsylvania 1 and 2) are each only 14, so small that
these regions are omitted from the map. On map 3 are also re-
corded the percentages for each of the four characters in which
the plants vary, obtained by totaling and averaging for all
the plants in each region ; these percentages are combined into
a pie-diagram for each region. For example, among the 60
plants from Maine there were 24 of f. glabrifolius and 11 of {.
heteradenius, a total of 35 plants with leaves not velvety be-
neath, or 58 per cent ; this is indicated on map 3 by a 58 placed
in the upper quadrant of the pie-diagram for the Maine region.
There were 24 f. glabrifolius and 12 f. bifarius to total 36 indi-
viduals with short glands on the pedicels, or 60 per cent; this
is indicated by a 60 in the left quadrant in the pie-diagram.
Subsessile glands on the pedicels, and long-stalked glands on
the leaves below, are not represented in Maine, and this is indi-
cated by zeros placed, respectively, in the lower and in the right
quadrants.

In the pie-diagrams on map 3, figures of 100 or 0 indicate
uniformity in the characters concerned, while figures ap-
proaching 50 indicate that the plants of the region are vari-
able in the characters concerned.

From the figures on map 3 may be calculated the average of
percentage differences between any two regions. To compare,
for example, Maine with northern Vermont: velvety and
glandular leaves »s. non-velvety and non-glandular leaves,
shows a difference of 5 (63 per cent minus 58 per cent), long
glands on the pedicels vs. short glands shows a difference of
44 (60 per cent minus 16 per cent), and there is no difference in
the other two characters. The average of percentage differ-
ences (5 plus 44 plus zero plus zero, divided by 4) 1s 12. A com-
parison of Maine with Indiana, however, gives a much higher
fieure, adding 42 (100 minus 58), 60 (60 minus 0), 0 (0 minus
0), and 59 (59 minus 0), to average 40.

Table 111 shows 1n tabular form the averages of percentage
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differences between all regions. From it may be made a number
of correlations with the assumed post-glacial history of the
species ; these become more obvious when the data are trans-

ferred to maps.

T i — o — - — - - - —
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TABLE III
AVERAGES OF DIFFERENCES OF PERCENTAGES BETWEEN REGIONS

cm—

: 8 i
é i ‘
p\m :‘3 &
> E
0 g E % - - E . g & | =
o | 5| 82|88 A1 8|%| 8|88
A5 (S| |22 (2|3|R(2|8|3|F
b - - - — — -~ < < - - =
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Maine —|12(23]13] 11 16|19 16'16 19 17 (19| 40
Northern Vermont 12— 1|10 3| 4| 6| 9| 8| 917124 |10 |28
Rochester 23110 — (11|13 |15 18 17| 7128 35|19 |18
Susquehanna 13| 3|11|—| 7| 9|12| 9| 7|18|25(11|28
Western New York 11| 4|13] 7|—| 3| 7| 8|13|19(26 (11|27
Allegany 16| 6|15 9| 3|—| 9[10[15|20|27 (12|25
Erie 19| 9(18|12| 7| 9|—| 3|18[13|20| 4|33
Bear Mt. 116 | 8|17| 9| 810 3.—- 151118 | 3|34
Easton 16| 9 7| 7[13|15|18|15|—[21|28(18|25
Schuylkill 1917128 | 18(19| 20|13 |11 (21| —| 7| 9|45
Tuscarora 17| 24 | 35| 25 | 26 | 27 | 20 | 18 28| 7| —|16 |52
Potomac 19(10(19(11 (11|12 4| 3(18| 9|16 |— |37
Indiana 40 (28|18 (28 (27|25|33(34|25|45|52|37|—

In general, regions which are close to each other show closer
relationship than do regions more distant from each other ; this
18 to be expected 1n a freely interbreeding population spread
over a large area. But certain irregularities in this general
pattern will appear in a species whose range has comparatively
recently been altered by such an event as glaciation. This 1s
brought out in map 4, which shows the close interrelationship
of the regions across northwestern Pennsylvania, southern
New York, and western New England (recently glaciated
areas'!), fairly close interrelationship among the pre-Wiscon-
sin regions from central Pennsylvania southward, but rather
distant interrelationship between the pre-Wisconsin regions
and the post-Wisconsin regions. This 1s brought out further
in map o which shows only the more closely related regions.

" The Allegany region was not actually glaciated, but was a tongue of unglaciated
territory only 10 miles across and was probably untenable for R. odoratus during

glaciation.
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The Potomac region (map 6) and the Easton region (map
7) show relationship closer to most post-Wisconsin regions
than to the much nearer pre-Wisconsin regions. This may be
because the pre-Wisconsin stations have been isolated for a
long time. Their close relationship with post-Wisconsin re-
gions may indicate that much of the population of these regions
was derived from the Potomac and the Iaston regions.
Furthermore, it seems to be more than a coincidence that in
each general direction from the Potomac region, there is some
correlation between geographic distance and distance of rela-
tionship—this 1s shown on map 6 by the sets of parallel lines
emerging from the Potomac region. The KEaston region is
similar to the Potomac region in this respect.'? The relation of
each of these regions to other pre-Wisconsin regions is gen-
erally more remote than to the post-Wisconsin regions, and
shows no correlation with geographic distance.

The relationships between the Tuscarora region and the
other regions (map 8), and between the Schuylkill region and
the other regions (map 9), show no correlation with distance.
These regions are in general less closely related to the post-
Wisconsin regions than are the Potomac region and the Easton
region. Perhaps, then, there was greater contribution to the
post-Wisconsin populations of the glaciated regions from the
Potomac region and the Easton region than there was from
Tuscarora region and the Schuylkill region. It must be borne
in mind that other regions, not sampled in this study, might
throw more light on this phase of the subject.

The relation of the Indiana region to all other regions is
distant, and shows little or no correlation between geographic
distance and relationship (map 10). This is compatible with
the assumption that the isolation of R. odoratus in unglaciated
southern Indiana greatly antedates the postglacial migration
of that species into New York and New England.

It 1s conceivable that with full collections from every point
in the range of the species, a map could be constructed along

" The EKaston region was covered by the older ice sheets but not by the Wisconsin.
Since the Easton region is represented in this study by a collection from but one

locality, its figures are probably of less value than those from a region like Potomae
with its six collections.
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the lines of map 5, which would actually show the course of
postglacial migration. How far map 5 falls short of represent-
img the full facts may be judged from map 12, which shows the
amount of coverage of the range of R. odoratus by the avail-
able mass collections.

[I. Variation ix R. parviflorus
1. THE KINDS OF VARIATION

The more conspicuous variations within R. parviflorus are
of the following ten tvpes. On most of these characters, sub-
divisions of the species have, by one taxonomist or another,
been proposed. To judge from the literature, no attempt has
previously been made to assemble from each region a large
amount of material for the purpose of determining just how
many subdivisions of the species might grow together. This
discussion is based primarily on 104 such collections totaling
2137 individuals ; the proportion of the range thus covered may
be judged by comparing map 24, which shows the known range
of R. parviflorus, with map 19, showing the locations of mass
collections. Material of the species in the Gray Herbarium,
the New York Botanical Garden, the University of California,
Pomona College, and the University of Wisconsin has also

been studied.

1. Calyx villous or not villous. Individuals with villous calyces ap-
pear throughout a large part of the range of the species, always 1n
company with a great majority of plants with the calyces not villous.
Encountering villous calyces only in plants from the Great Liakes region
in what he called var. genuwinus and in var. velutinus from the Coast
Ranges of California, Professor Fernald stated (l. c., page 275) that
these two varieties were closely related. When examined in the light
of subsequent collections, which show villous calyces to oceur through-
out the range of the species, they seem to represent rather a sporadic
variation, present in about a third of the plants from the Coast Ranges
and a much smaller proportion of individuals from the rest of the range.
In maps 20 and 21 the percentage of plants in each region with villous
calyces is shown by the figure in the lowermost sector of each pie-
diagram. Map 13 shows the occurrence of plants with villous calyces,
except in California.
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2. Glands or setae of the pedicels. These are of four types. (1) The
elands may be on stalks about 0.5 mm. long. (2) The glands may be on
stalks reaching 1-2 mm. in length, or rarely even longer. There seems
to be no correlation of gland color with length of the stalk. (3) The
elands may be sessile or on stalks less than one-fourth as long as the
diameter of the gland, or rarely the glands may be entirely absent.
(4) There may be, instead of glands, broad-based setae ; this type is very
rare, having been observed in only two collections. Types 1-3 occur
practically throughout the range of the species, and in ecombination
with any of the other characters. The oceurrence of glands about 0.5
mm. long 1s shown on maps 13, 16, and 17; the occurrence of glands
1 mm. or more long is shown on maps 14 and 15; the occeurrence of sub-
sessile glands 18 shown on map 18. In addition to the ranges shown
on these maps, types 1-3 also are found in the Coast Ranges of Cali-
fornia. Types 1-3 are not always clear-cut, and may grade into each
other.

3. Lieaves velvety beneath or not velvety beneath. Lower leaf-
surfaces grade from perfectly glabrous, through a condition where
scattered appressed hairs are present, to densely velvety. Some of the
intermediates make it difficult to maintain two categories. In the pres-
ent study, those leaves which feel velvety to the touch are treated as
such. Throughout most of the range of the species velvety leaves show
little or no correlation with other characters; they are not common on
plants with sessile glands on the pedicels, but such a combination oc-
casionally occurs, particularly in California. In the Great Lakes re-
cion 1093 out of 1346 individuals examined had velvety leaves; in the
Coast Ranges velvety leaves are the rule almost without exception,
being present on all but one of the 327 individuals examined ; in the
intermediate region they are in the minority, occurring in 231 out of
660 plants examined. Maps 14 and 16 show the oceurrence of velvety

leaves, and maps 13, 15 and 17 show the occurrence of glabrous or sub-
glabrous ones.

4. Petioles with minute puberulence beneath the glands, or without
such puberulence. When studied in the Gray Herbarium by the writer,
this character appeared to be of some importance, for, while common
in the western states, puberulent petioles appeared only on one sheet
from the Middle West, and this was from Keweenaw Point, Michigan,
where a number of far western plants are known to occur. But exam-
ination of the mass collections made about the Great Lakes showed
plants with puberulent petioles from throughout the entire range. Its
complete lack of taxonomic value in this region 1s shown by the fact
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that the leaves on the upper part of a stem may have puberulent petioles
while the leaves farther down may have the petioles glabrous beneath
the glands. It was just coineidence that the only sheet in the Gray Her-
barium from the Middle West, showing puberulent petioles, was from
Keweenaw Point. One thing about this character may be significant,
however; while the puberulence of the petioles appears to be, for the
most part, a response to exposure, nevertheless nearly all the plants
from the Coast Ranges of California have all their petioles puberulent.

The exceptions are in a collection from Eureka (Gillespie 15398,
described 1n tables v, vi & vi1, pages 329, 332, 333 ), in which there is great
variation. Most of the individuals have the stem and petioles copiously
villous (character no. 6), as var. velutinus, some do not, and a few are
intermediate. Some have the petioles puberulent and others do not.
That this 1s not entirely due to habitat was demonstrated by growing
the offspring of a few of these plants in the greenhouse at the Univer-
sity of Wisconsin. Plants grown from different seeds in one synearp,
under 1dentical conditions in the greenhouse, showed the same varia-
tions that were present in the original collection.

9. Pedicels villous or not villous. Of the 248 individuals in the mass
collections from the Coast Ranges of California, all but 42 are char-
acterized by the presence of spreading hairs exceeding the glands on
the pedicels. Of nearly 2000 individuals from the rest of the range of
R. parviflorus only 3 have villous pedicels: two are from Wisconsin
and one from southern California.

A collection from the Distriet of Renfrew, Vancouver Island, C. O.
Rosendahl & CarlJ. Brand, 3, also has long hairs on the pedicels. This
collection has been seen in the Herbarium of the University of Cali-
fornia. The same collection, as it appears in the Herbarium of Pomona
College, shows this characteristic to a lesser degree, and is probably
from a different ¢lone.

6. Stem, stipules and petioles villous or not villous. Plants of the
Coast Ranges nearly always have these organs more or less villous
(rarely sparsely so), and so are separated as var. velutinus, as distin-
guished from the rest of the species which lacks this character. For the
correlation of this character with others see the discussion of var.
velutinus, on page 318.

7. Cutting of leaves. R. nutkanus f. lacera Kuntze, '* or R. parvi-
florus var. bifarius f. lacera Fernald,'* has leaves cleft 24-34 to the
base, and E. parviflorus f. pedatifidus Hermann'® has them cleft en-
tirely to the base.

" Meth, Sp. 102. 1879. ** Rhodora 37: 61, pl. 326, fig. 2. 1935.
“ Rhodora 37: 281. 1935.
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8. Cutting of sepals and petals. R. parviflorus var. Fraserianus
J. K. Henry,'® or R. parviflorus var. bifarius f. Fraserianus Fernald,**
has the petals laciniate-dentate at summit, and a sheet from the Santa
Cruz Mountains of California has the calyx-lobes laciniate.

9. Color of petals. The petals, white in most plants, are recorded on
the labels as turning pink with age on sheets from Del Norte County,
California, and from Mt. Hamilton, Washington.

10. Size of flowers. This varies considerably from elone to clone, but
there seems to be no justification for the division into a larger-flowered
western variety and smaller-flowered variety about the Great Lakes,
such as has been proposed by Torrey & Gray'?” and by Farwell.'® The
smallest-flowered plants seen by the writer comprise a collection of 21
individuals from Tuolumne County, California (Wiggins 9245, de-
seribed as California 7 in tables v and vi, pages 329 and 332) ; the flowers
are about 2.5 em. in diameter, with a calyx sometimes as little as 12 mm.
in diameter. This small-flowered extreme may be identified, by the
latest taxonomic treatment of the R. parviflorus group,'® as ‘‘var. gran-
driflorus.’’

It is evident that here are variatiol)s of several series. Groups 7, 8,
9 and 10 include sporadic anomalies of rare occurrence, apparently
oceurring anywhere throughout the range of the species without rela-
tion to each other or to the other series of variations. Groups 1-6 are
concerned with pubesecence. Groups 1, 2 and 3 have been used by Pro-
fessor Fernald to distinguish varieties; an appraisal of these varieties
in the ligeht of new and more ample material follows.

. THE ‘‘VARIETIES’’ OF R. parviflorus

1. R. parviflorus var. genuinus Fernald, Rhodora 37: 277. 1935.
This 1s distinguished by its villous ealyx and is said to be confined to
the region of the upper Great Lakes; the present writer has collected
1t from a much wider range (map 13). The case against var. genuinus,
as defined by Fernald, lies in the fact that its main character, a villous
calyx, may appear anywhere throughout the range of the species, in
various combinations with other characters, for plants with villous
calyx may have pedicels with long glands (like vars. hypomalacus and
heteradenius), or short glands (like vars. bifarius and grandiflorus),
or subsessile glands (like vars. scopulorum and parvifolius) ; the leaves
may be glabrous or glabrate beneath (like vars. helerademius and
grandiflorus) or soft-pubescent (like vars. hypomalacus and bifarius).

" Torreya 18: 54, fig. 1. 1918. " Am. Midl. Nat. 11: 281. 1929.
"FIL. N. Am. 1: 450. 1840, ¥ Rhodora 37: 276. 1935.
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2. R. parviflorus var. velutwmus (Hook. & Arn.) Greene, as defined
by Fernald, [. c., 1s distinguished from vars. hypomalacus and bifarius
only by its villous calyx. But all individuals of these so-called varieties,
as they oceur in the Coast Ranges (to which region, as Fernald cor-
rectly states, var. velutinus is confined), are characterized by having
long spreading hairs on the nodal regions, often the internodes, and the
petioles, and by strigose stipules; these characteristics do not oceur
elsewhere 1n the range of R. parviflorus. In other words, the plants
of the Coast Ranges may or may not have the calyx villous and may
have the glands of the pedicels long or short, but they are set off
from the rest of the species by the pubescence of the nodes, petioles
and stipules. Var. velutinus, as redefined on the basis of this character,
also differs in tendencies from the rest of the species as follows: in var.,
velutinus 83 per cent of the individuals in the mass collections have
long hairs on the pedicels, 33 per cent have villous calyces, and 100
per cent have leaves velvety beneath, whereas in the rest of the range
of R. parviflorus only 0.0015 per cent of the individuals have long hairs
on the pedicels, 0.019 per cent have villous calyces, and about 64 per
cent have leaves velvety beneath. These facts are brought out visually
in map 20, where the pattern of the pie-diagram for the Coast Ranges
1s consplcuously different from all the others. Var. velutinus is there-
fore retained as a valid geographic variety, but on different characters,
in part, from those relied on by Professor Fernald.

3. R. parviflorus var. hypomalacus Fernald, . c., p. 277, (4) var.
heteradenius Fernald, [. ec., p. 279, (5) var. bifarwus Fernald, [. e.,
p. 280, and (6) var. grandiflorus Farwell, as redefined by Fernald, L. ¢.,
p. 281. The 2 characters of long glands vs. short glands on the pedicels,
and leaves velvety beneath vs. leaves glabrous to glabrate beneath, oc-
cur In 4 combinations to make these 4 varieties. Their ranges as pub-
lished by Professor Fernald (dots on maps 14-17 in this paper) are
rather similar, the only significant departure from the general pattern
being that var. grandiflorus alone occurs in South Dakota, southern
Montana, Wyoming, Utah and Idaho. Even this amount of geographic
segregation seems to break down with other collections, as shown by
the x’s on these same maps. Moreover there is very little segregation
of these ‘‘varieties’’ in the field. Of 8 mass collections from Minnesota,
2 collections had 4 of these ‘‘varieties,”” 2 had 3 ‘‘varieties,”” 3 had
2 ‘“‘varieties,”’ and 1 had 1 ‘““variety.’”” This statement refers only to
the 4 ‘‘varieties’” whose names head this paragraph; in many cases
others were also present. Of 6 mass collections from northern Wiscon-
sin, 1 had 4 ‘‘varieties,”” 3 had 3 ‘‘varieties,”” 1 had 2 ‘‘varieties,’’
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and 1 had 1 ‘““variety.”” Such cases might be cited indefinitely, but the
mass collections are described in tables vI & VIL

As stated in the discussion of that variety, the var. genuinus of
Fernald breaks up on just the characters used by him to define vars.
hypomalacus, heteradenius, bifarius and grandiflorus. Var. velutinus,
as defined by Fernald, has subdivisions equivalent to vars. hypoma-
lacus and bifarius. Var. scopulorum has a phase with velvety leaves
and a phase with glabrous or glabrate leaves.

It is concluded, then, that in the absence of segregation of wvars.
hypomalacus, heteradenius, bifarwus and grandiflorus on basis of geo-
oeraphie distribution, habitat, or locality, they represent forms only.

7. R. parviflorus var. scopulorum (Greene) Fernald, and (8) var.
parvifolius (Gray) Fernald. These are distinguished from each other
by the height of the plant, the width and pubescence of the leaves, the
number of flowers in the inflorescence, and the length of the lowest
pedicel. These distinetions do not hold in the field. Two collections
in the gorge of Fish Creek Falls, Steamboat Springs, Colorado (pl.
10, fie. 4), consisted of some plants with sessile glands and others with
stalked glands on the pedicels. The characters of those with sessile
clands may be seen, in table 1v, to make very difficult any separation
into two groups such as have been named scopulorum and parvifolius.

These two so-called varieties with glands of the pedicel sessile or
nearly so are recorded by Professor Fernald as occurring only from
southern British Columbia, Oregon and Montana, southward to Ari-
zona, New Mexico and northern Chihuahua. However, there are, In
the herbaria of the University of California and of Pomona College,
numerous speeimens from California having the glands of the pedicels
sessile or nearly so; they have leaves velvety beneath and cannot be
placed by Fernald’s key. The present writer has collected plants with
sessile glands (always accompanied by others with stalked glands) in
the Black Hills of South Dakota and in the three Great Lakes states
where R. parviflorus is known. Map 18 shows the occurrence of plants
with sessile or subsessile glands, as originally mapped by Fernald,
and as demonstrated by other collections not seen by him.

The sessile or subsessile gland is not clear-cut from the stipitate
oland ; a distinction between them forms the primary division in Pro-
fessor Fernald’s key. Var. scopulorum (including var. parvifolius)
with glabrous leaves grades into var. grandiflorus, and its unnamed
relative with pubescent leaves grades into var. bifarius.

The case against vars. scopulorum and parvifolius, then, sums up
as follows: the two are not distinet from each other in the field ; they



320

TABLE 1V

[ VoL. 28

ANNALS OF THE MISSOURI BOTANICAL GARDEN

CHARACTERS OF VAR. SCOPULORUM AND VAR. PARVIFOLIUS, AND OF
TWO MASS COLLECTIONS FROM FISH CREEK FALLS,
STEAMBOAT SPRINGS, COLORADO

P ———-

——

Fish Creek

y Lo Fish Creek
scopulorum parvifolius Falls 1 Falls I1
Height of plant 1-2 m. 1.5-6.0 dm. 0.4-1.5 m.
*{_.__. — — - e ———
Width of leaves 1-3 dm. 0.5-1.3 dm. 1.2-2.4 dm. 1.0-1.9 dm.
L.ower surface GGlabrous Minutely and | Glabrous to (Glabrous to
of leaves | sparsely distinetly distinetly
pubescent velvety velvety
| to glabrate |
Number of | 3-7 1-2 (—4) | 4 with 1 1.
flowers in 2 with 2 fl. 5 with 2 fl.
inflorescence 8 with 3 fl. 7 with 3 f1l.
4 with 4 fl. 3 with 4 fl.
1 with 5 fl.
Length of | 1.0-3.5 em. 2.0-6.0 em. 1.0 em. on 1
lowest 1.5 em, on 1 |
peduncle | 2.0 em. on 3 | 2.0 em. on 6
| 2.0 em, on 3 2.0 em, on 1
| 3.0 em. on 2 3.0 em. on 5
3.0 em. on 2 3.0 em, on 3
‘ 4.0 em, on 6 4.0 em. on 1
4.5 em. on 1
0.0 em. on 1
5.0 em. on 1
' | 6.0 em. on 6.0 em, on 1

.

S ——— | S —— e — e — ——

occur with and grade into vars. grandiflorus and bifarius; the sub-
sessile gland 1s not correlated with a glabrous or glabrate leaf; they
are not confined to any limited part of the range of the species, but
may rather be found in the same patech with the other ‘‘varieties’’
almost (or perhaps quite) everywhere that R. parviflorus grows.

Mr. Joseph Ewan, of the University of Colorado, who has kindly
read the manuseript of this paper, comments as follows on the disposi-
tion of var. parvifolius:

‘YIn my opinion there is something valid about the thing isolated by Fernald,
following earlier segregations, centering about New Mexico and Arizona, I have
personally discovered, without any particular search in herbaria for them, sev-
eral ‘good’ sheets of that entity. It is characterized by the concomitance of defi-
nitely smaller leaves than any other variety or subspecies of the species, with
fewer flowers to an inflorescence, and a slender habit. I do not feel that seopulorum
18 more than a form, of indefinite lines at best, but this southern phase of the species
deserves, 1 believe, recognition. . . . Your collection from Fish Creek Falls, Steam-
boat Springs, Colorado, illustrates a representative of the zone of overlap between
var. parvifolius and f. scopulorum, if such a form is to be recognized, even demon-

strating perhaps a hybrid swarm dating from a long time ago in the movements of
this Rubus.’’
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These comments are introduced so that botanists in the Southwest
may have opportunity to observe and perhaps decide upon the validity
of this small-leaved phase of the species. For the present, var. parvi-
folius is put into synonymy under f. scopulorum (page 323), and 1ts
revival would cause no nomenclatorial complication and require no
new combination.

Here, then, i1s a set of characters appearing in different
combinations, with any combination of characters being likely
to occur anywhere in the range of the species. Such combina-
tions of characters, lacking geographic ranges, are not usu-
ally treated as varieties, but as forms, if they indeed receive
any nomenclatorial recognition.

Professor Fernald emphasizes?®® the ‘‘disconcerting but 1n-
disputable fact that these very differences in the distribution
of glands in the inflorescence and of pilosity on the calices,
branches and leaves or the absence of glands and pilosity from
these areas, which mark the eight geographic segregates of
Rubus parviflorus, are precisely the characters which are
shuffled and reshuffled to add to the ever increasing score of
‘species’ of Blackberry (Rubus § Eubatus)! In R. parviflorus
not even our most ardent advocates of specific segregation,
who have felt competent to make generic segregates, have
noticed them; nevertheless, they are quite as conspicuous 1n
R. parviflorus as in segregates of Rubus § Fubatus, and if their
phylogenetic importance is of equal value in the two sections,
the Blackberries are eventually due for a pretty drastie realign-
ment.’” The ‘“if’’ in the last statement was commented upon
by Professor Fernald, a few years ago,?! in these very perti-
nent words: ‘“ As pure logic, wholly dissociated from the actual
vagaries of Nature, this may be conceded; but, surely, when
applied in classification, the logic often fails; characters which
in one group are of great taxonomic importance in another may
prove wholly unimportant and to be a series of nonconcomitant
and unresolvab<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>